Introduction
Increases in global environmental problems make the freshwater ichthyofauna one of the major topics in terms of biodiversity loss, particularly in Mediterranean countries. In Turkey, as well as in other Mediterranean countries, a series of anthropogenic activities such as habitat degradation, pollution, new introduction of invasive species, and increase in the number of reservoirs and hydroelectric power plants along the streams together with climate change threaten the freshwater fish fauna of this region. These adverse impacts display the importance of natural resources considering the range of fish diversity with high endemism due to representing European, Asian, and even African origin (Şekercioğlu et al., 2011; Çiçek et al., 2015) in Turkey, and it requires the development of effective management plans in this regard. Data on biological and ecological characteristics of inland fish species are crucial to understand and improve effective management plans for conservation and sustainable use of freshwater ichthyofauna. However, the big gap in knowledge of the biology and ecology of native freshwater fish species limits the understanding of the natural conditions and conservation status of freshwater fish species and the fate of the biological reserve in terms of freshwater ichthyofauna is unknown in Turkey as a part of the Eurasian continent.
Feeding and diet composition data are used for evaluating biological and ecological characteristics of freshwater fish species. Gut content analysis is one of the earlier methods used in the determination of feeding patterns such as feeding intensity, trophic level, niche breadth, and intra-and interspecific competition of fish species in their habitats (Windell and Bowen, 1978) . Biological characteristics such as age and size together with environmental conditions such as season play important roles in the diet composition of most fish (Nikolsky, 1963) . Ontogenetic diet shifts with seasonal changes explain the intra-and interspecific competition and give valuable data for understanding the condition of native populations. The current study focused on the seasonal and ontogenetic diet shift of two sympatric fish species in a river in a temperate Mediterranean climate (i.e. northwestern Turkey), including Squalius cii (Richardson, 1857) and Barbus oligolepis Battalgil, 1941 . These species are the most abundant native fish species in the Karamenderes River (Sarı et al., 2006; Yalçın Özdilek, 2008; Yalçın Özdilek and Jones, 2014) . Both species are benthopelagic; however, detailed studies of the diets and feeding habits of these species have not been published. On a smaller scale, coexisting species may exhibit ontogenetic, spatial, or temporal differentiation in resource use in a local community. These fish species may shift their diet during ontogenesis and/or there may be seasonal changes in resource availability that affect the competitive interactions between them (Winemiller, 1989; Wood et al., 2016) . Therefore, the aim of this study was to determine the feeding habits by gut content analysis and evaluate the feeding relationships between two native temperate-stream fish species across ontogenetic and temporal parameters. This study also assessed the trophic level of these species, taking into consideration the gut length. The relationship between the relative gut length and quality of diet is well known in fish (Wootton, 1990) . A fish with a longer gut length has a predominantly herbivorous feeding pattern (Montgomery, 1977; Ribble and Smith, 1982; Kramer and Bryant, 1995) . Plasticity in gut morphology may be observed in response to changes in diet (Sibbing and Nagelkerke, 2000) , and relative gut length may help to ascertain the trophic category of fish in order to understand the ecological roles of these species and also the feeding relationships between the two species. Fieldwork was conducted from August 2007 to July 2008  along the Karamenderes River (39°53′28″N, 26°17′32″E and 39°54′07″N, 26°16′28″E). The Karamenderes River is ~109 km in length and located on the Biga Peninsula, northwestern Anatolia; it has five main river basins. The river originates from the Ağı and Kaz Mountains and is directed to the west and north, after passing the Kumkale plates near ancient Troy, reaching into the Çanakkale strait (Figure 1 ). Two reservoirs for irrigation have been established in the Bayramiç and Pınarbaşı districts along the river. The landscape around the Karamenderes River is used for agricultural purposes. The river is ~3-15 m wide; the habitat is categorized by run, small riffles, and shallow pools with an abundance of submerged vascular plants such as Potamogeton sp., particularly during arid summers. There is no canopy cover and the river bottom consists mainly of gravel, sand, and clay. During the study, the mean water depth was ~25 cm, and the depth of the river was as high as 80 cm during the rainy winter season in some places. Physical and chemical water characteristics are provided in Table 1 .
Materials and methods
Specimens were collected along a ~2-km section of the river below the second reservoir at Pınarbaşı by using cast nets (12-and 25-mm pore sizes) once a month. The abundances of each species were expressed as catch per unit of effort (CPUE), which is a percentage based on the number of specimens per cast net (Thompson, 1992) .
Fish were collected by recreational fisheries activities. Specimens were placed on ice blocks immediately after capture in order to prevent digestion. In the laboratory, the total length (TL) of the specimens was measured to the nearest 1.0 mm and they were weighed (W) to the nearest 1.0 mg; the entire gut tract from the esophagus to the anus was removed and measured to the nearest 1.0 mm and then preserved in 4% formaldehyde after labeling. Subsequently, the gut tract was opened and the contents were removed; the volume and W of the contents (GCW) were measured and contents were preserved in 70% ethanol. The food organisms in the contents were identified to the lowest possible taxon (Pennak, 1953; Prescott, 1964; Foged, 1981; Demirsoy, 1992) and counted using a Sedgewick rafter counting chamber under a stereomicroscope at 4× and 10×.
To examine differences in the feeding activity, the condition factor (C), which was calculated using the formula 100 × W/FL 3 , was used for each species (Bagenal, 1978) . Percent frequency of occurrence (%F) of each food item was calculated by dividing the number of all filled guts in which the food item (i) was present by the total number of filled guts and multiplying by 100. Similarly, the percentage of numerical abundance (%N) of each food item was calculated by dividing the total number of a particular food item in the filled guts by the total number of all food items in the filled guts and multiplying by 100. Both %F and %N were used for dietary analyses (Hyslop, 1980) . The niche breadths of each species were estimated by measuring the uniformity of the distribution via the Shannon-Wiener diversity index (H) with evenness (E) of food items as suggested by Levins (1968) . The diet overlap between the two species was assessed using the Schoener overlap index (Schoener, 1968) and the Morisita-Horn index (Krebs, 1999) . The gut length was calculated per unit of body length [gut length (cm) / TL (cm)]. Costello's (1990) graphical method (Potier et al., 2004) , a plot of %N with frequency of occurrence, was used to describe prey importance in the diets of both species; the graphical display indicated dominant and rare prey species, which were shown in the upper right and lower left corners of the graph, respectively. In addition, feeding strategies were primarily distributed at the bottom or upper side of the graph, indicating generalization or specialization, respectively. The relative gut lengths and feeding activities were compared statistically via analysis of variance (ANOVA); the different seasons, sexes, and length groups were used as replicates. The length groups were determined by dividing differences between minimum and maximum total length into the square root of specimen numbers. The length group ranges for B. oligolepis and S. cii were calculated as 2 and 3, respectively.
Results
In total, 330 fish specimens were collected from the study area. Carassius gibelio (Bloch, 1782) was the most abundant (128 specimens, 37.26%) fish species. Other fish species collected in the study area were S. cii (82 specimens, 25.41%), B. oligolepis (76 specimens, 24.81%), Alburnus chalcoides (Güldenstädt, 1772) (24 specimens, 7.58%), and Cyprinus carpio L., 1758 (14 specimens, 3.25%). Cobitis fahirae Erk'akan, Atalay-Ekmekçi & Nalbant, 1998 (2 specimens, 0.35%), Anguilla anguilla L., 1758 (2 specimens, 0.67%), and Rhodeus amarus (2 specimens, 0.67%) were collected on rare occasions. With the exception of one and eight individual(s) of S. cii and C. gibelio respectively, specimens other than fish were primarily collected during winter season.
B. oligolepis (Steindachner, 1897)
The gut contents of 76 B. oligolepis specimens collected from August 2007 to July 2008 were examined. The guts of 20 specimens were empty. The mean TL and W of these specimens were 17.4 ± 3.95 cm (11.1-28.1) and 60.23 ± 45.95 g (12.1-213.4), respectively. The male-to-female ratio was 2.31, and the condition factors of females and males were 1.32 ± 0.17 and 1.30 ± 0.13, respectively. There were no statistical differences between female and male condition factors (F = 0.35, F = 1.54; P > 0.05). There were no statistical differences in condition factors of specimens among different size groups (F = 1.59, F = 0.61; P > 0.05).
The condition factor values of specimens were lower in the fall than in the spring and summer (F = 8.04, F = 11.7; P < 0.001).
The mean gut length of examined B. oligolepis specimens was 23.42 ± 7.12 cm. There was no statistical difference between the relative gut length of females (1.40 ± 0.20) and males (1.34 ± 0.27) (P > 0.05). There was no statistical difference in the relative gut length among different size groups (P > 0.05). The mean gut lengths of B. oligolepis showed seasonal variation. The mean gut length of B. oligolepis was longer in spring than in other seasons (F = 6.28; df = 1; P = 0.001). There was also seasonal variation in the relative gut lengths of specimens (F = 5.84; df = 3; P = 0.001). There was a linear relationship between TL and gut lengths of examined specimens that had full guts (r 2 = 0.61, n = 54, P < 0.001, Figure 2 ). There was no statistical correlation between fish weight and gut length of B. oligolepis (P > 0.05). There was a relationship (fish weight = 4.7 × gut weight + 10.0 × fish TL -123.5) among fish weight, GCW, and TL (F = 314.7; P < 0.001).
The main food sources of B. oligolepis were benthic algae; Bacillariophyceae members constituted 95.3% of all dietary organisms (Figures 3 and 4) . Macrophytes (4.4%) and macroinvertebrates (0.2%) were additional important food groups. Fish eggs and zooplankters had little importance in the diet of B. oligolepis. In terms of the frequency of occurrence, macroinvertebrates such as Diptera larvae 1 (head length ~100-150 µm), other insect larvae, and benthic algae (particularly siliceous algae) were the most popular food sources in the gut contents (Table  2) . We found that 99.8% of the gut contents contained plant materials; thus, it can be said that this species feeds mainly on plant materials. Anabaena sp. (98%) was the most abundant food source among the cyanobacteria. The most frequently encountered organisms in this group were Oscillatoria sp. 1 (5.2%) and Oscillatoria sp. 2 (3.5%). Fragilaria sp. (400 µm) was the most abundant (49.2%) and frequent (41.4%) dietary resource in the gut contents among the Bacillariophyceae. Cocconeis sp. was the second most abundant and frequently encountered Bacillariophyceae, which was particularly identified on filamentous algae in the gut contents. Other siliceous algae (<50 µm) were found in considerable amounts in the gut contents. Filamentous algae, particularly those of 50 µm × 60 µm in size, were the most abundant food resources among the Chlorophyceae members. Cosmarium sp. (17.2%) and Vaucheria sp. (10.3%) were the most frequently encountered organisms among the Zygnemophyceae and Xanthophyceae, respectively. Therefore, the gut content analysis concluded that B.
oligolepis is a generalist feeder in the Karamenderes River.
The percent abundance and frequency of occurrence of food organisms varied between females and males (Table 3) . Both sexes fed primarily on Bacillariophyceae, Chlorophyceae, and Insecta. Zooplankters, fish eggs, Zygnemophyceae, and Bryophyta were found only in the gut contents of males. The diet of males was more diverse than that of females.
Animal (Insecta and Oligochaeta setae) and plant (Bacillariophyceae, Chlorophyceae, and Cyanobacteria) materials were found in all seasons in the gut contents of B. oligolepis (Table 4) . Zooplankton was found only in spring and summer of 2008.
Zooplankton was consumed by fish species that were <15.2 cm in TL (Table 5) . Fish eggs were found only in the size group of 17.4-19.4 cm for males in the summer of 2008. The siliceous algae and insects were consumed abundantly and frequently by almost all size groups. All size classes of fish fed on Chlorophyceae members, particularly filamentous algae (Chlorophyceae), which were found abundantly in the gut contents of fish specimens with a TL of >21.5 cm. The number of components in food was highest in the size group of 13.2-15.2 cm.
Squalius cii (Richardson, 1857)
The gut contents of 82 S. cii specimens were examined between August 2007 and July 2008. The guts of 13 specimens were empty. The mean TL and W of these specimens were 19.2 ± 5.92 cm (7.8-36.7) and 112.2 ± 126.2 g (3.5-730), respectively. The male-to-female ratio was 2.83, and the condition factor values were 1.57 ± 0.41 and 1.37 ± 0.13 for females and males, respectively. There were no significant differences between the condition factors of females and males (F = 0.11, F = 0.37; P > 0.05). There was a statistical difference among the condition factors of specimens among different size groups (F = 3.20, F = 2.44; P < 0.05). There were no seasonal differences in the condition factors (F = 0.48, F = 2.23, P > 0.05) ( Table  1) .
There were no statistical differences between the mean gut length (19.63 ± 7.62 cm) and TL (19.21 ± 5.92 cm) of S. cii species (F = 0.15; df = 1; P > 0.05). The relative gut lengths of female S. cii (1.24 ± 0.28) were longer than those of males (0.96 ± 0.28) (F=9.2; P < 0.05). There was no size-dependent variation with regard to the relative gut length of the specimens (P > 0.05). The mean gut lengths and relative gut lengths of S. cii showed seasonal variation (F = 2.86; P < 0.05; F = 3.69, P < 0.05). The mean and relative gut lengths were lowest in the summer of 2008 (Table 1) . As seen in Figure 2 , a linear relationship was found between TL and gut length of the fish (r 2 = 0.
633; n = 62; P < 0.001). A correlation was found between body weight (BW) and GCW of the fish (r = 0.845; n = 60; P < 0.001), and there was an exponential relationship between TL and GCW, similar to that between TL and W ( Figure 5 ). Therefore, it can be said that fish weight was affected by GCW and that GCW increases as TL increases, or vice versa. Fish weight was a function of TL and GCW according to the formula W = 9.1 GCW + 13.9 TL -192.6 (F = 251.7; P < 0.001). Benthic algae were found in nearly all gut contents of fish specimens, accounting for 97.4% of all dietary organisms. While macroinvertebrates were present in low abundances, they were the most frequently encountered and basic food resource (Figure 3) . Benthic algae were also among the most frequently encountered organisms, and Cyanobacteria were among the most abundant dietary organisms (Figure 4) . Diptera larvae were the most frequently consumed insects ( Table 2 ). The Cyanobacteria primarily included Oscillatoria sp. (2.5 µm × 5 µm), Fragilaria sp. (400 µm), Cymbella sp. (20 µm × 80 µm), and Gomphonema sp. However, the branched and unbranched algae could not be adequately identified because of digestion; the unbranched algae (50 µm × 60 µm cell size) were the most abundant (24.7%) and frequently (30%) encountered Chlorophyceae in the gut contents. In terms of Zygnemophyceae members, Desmidium sp. was the most abundant (80.3%) and Cosmarium sp. was the most frequently identified (17.1%) in the gut contents. The gut content analyses indicate that S. cii is a generalist feeder in the Karamenderes River.
Plant material was abundant in the gut contents of both sexes of S. cii. Animal food components (i.e. different species consumed) were more abundant in the gut contents of males than females (Table 3) . While members of Cyanobacteria were abundant in the gut contents of S. cii males, members of Bacillariophyceae and Chlorophyceae were abundant in the gut contents of females. Bacillariophyta and Chlorophyceae were abundant in a variety of size classes (Table 6) . Zooplankter species such as Rotifera, Amphipoda, Copepoda, and Cladocera were consumed by specimens that were <20 cm in size. Insects were identified in the gut contents of fish across all size groups. Fish eggs were found only in the gut contents of the size group of 17.1-20.1 cm in the summer of 2008; the number of food components was highest in this size group.
Cyanobacteria were found frequently and abundantly only in the summer of 2007 (Table 4) . Insects were the most frequently consumed food item in the summer and spring. The greatest diversity of food resources in the gut contents was encountered during the summer of 2008. Bryozoa statoblasts were found in the gut contents in the fall of 2007 and spring and summer of 2008; fish were found primarily in the gut contents in the fall and spring, and fish eggs were found in the gut contents in the summer of 2008.
Diet diversity and overlap of sympatric species
The calculated Shannon-Wiener diversity indexes of the diets in the gut contents for B. oligolepis and S. cii were 2.05 and 1.07, respectively, and the E values were 0.49 and 0.25, respectively ( Table 2 ). The species richness (S), i.e. the number of identified taxa in the gut contents, was 64 and 66 for B. oligolepis and S. cii, respectively. Ontogenetic fluctuations in diet diversity were observed in B. oligolepis and S. cii (Tables 5 and 6 ). In B. oligolepis, smaller body size groups consumed more taxa (higher richness) with lower diversity; however, the gut contents of the larger body size group exhibited higher diversity with a lower even distribution of foods. Specimens of S. cii with body length of 14.0-20.0 cm consumed more types of food (higher richness); however, the diversity in diet decreased with increase in length, with the dominance of some diet groups such as Bacillariophyceae. Resource availability for S. cii was higher in comparison to B. oligolepis across all seasons.
The two species shared 46 of the 84 different dietary resources identified (Table 2 ). All plant organisms, Rotifera, Copepoda, and Insecta were found in the gut contents of both species. However, the Morisita-Horn index and Schoener overlap index were calculated as 0.07 and 15.7, respectively. The diet overlap between these species exhibited seasonal variability, and a high degree of overlap was observed in the spring and summer of 2008 ( Table   Table 3 4). Bacillariophyceae members were a dominant food item in the diets of both species; however, S. cii also consumed Cyanobacteria (summer 2007) and Chlorophyceae, which were additional important food components in all other seasons except summer 2007.
Discussion
B. oligolepis was recently renamed by Kottelat and Freyhof (2007) and there is no current literature comparing the feeding characteristics of this species with other populations. S. cii was also renamed by Kottelat and Freyhof (2007) in Turkey. The condition factor of this species was comparable to that of Leuciscus cephalus, which is the prior name for this species in the Karamenderes (Sarı et al., 2006) . The condition value of S. cii was consistent with the results of additional works conducted in central and western Anatolia (Koç et al., 2007; Bektaş et al., 2009 ). Nevertheless, the condition value of this species was higher in the Karamenderes River than in various European freshwaters (0.99-1.29) (Treer et al., 1997 (Treer et al., , 1999 and Eastern Anatolia (1.35) (Erdoğan et al., 2002) . Studies on the feeding habits of S. cii for comparison are lacking. The findings on S. cephalus indicate that it feeds primarily on plant material, zoobenthos, detritus, and fish in various European and Turkish rivers (Hellawell, 1971; Ünver and Erk'akan, 2011) ; these findings are in accordance with the results of the current study, in which 95% of all foods were benthic algae. S. cii also exhibits similarities in feeding habits to those of L. cephalus (Altındağ, 1997; Nastova-Gjorgjioska et al., 1997; Balestrieri et al., 2006; Marković, 2007) . Fish with smaller gut lengths have been shown to exhibit more carnivorous feeding habits (Montgomery, 1977; Ribble and Smith, 1982; Kramer and Bryant, 1995) . The relative gut lengths to body lengths of B. oligolepis [1.3 ± 0.2 (0.7-1.8)] and S. cii [1.0 ± 0.3 (0.5-1.8)] were in accordance with the values typical for carnivores (0.5-2.4) (Al-Hussaini, 1947) . However plant materials with detritus were recorded in the gut contents of both species. Nonetheless, it is hard to determine the contribution of plant materials to diets and the trophic positions of these species, and further studies should be implemented for clarification. At the same time, as stated by Olsson et al. (2007) , plasticity in gut morphology might be observed in response to diet quality, which varies across seasons. The smaller relative gut lengths of B. oligolepis and S. cii in the summer of 2008 might be explained by the consumption of a higher quality diet (e.g., fish) during that season. Hence, there was a seasonal shift in the diet and gut morphology of both species in the Karamenderes River. In addition, through the positively significant correlation between gut length and TL, the TL of these specimens can be used for estimating changes in feeding habits without sacrificing specimens. However, this relationship should be supported further in studies from different localities.
During ontogenesis, both species shifted their diets, feeding on zooplankton as juveniles and then shifting mainly to benthic algae, macroinvertebrates, and fish (S. cii only). Fish were a limited food resource for S. cii of >26.4 cm in TL; fish were not found in the gut contents of B. oligolepis. In other Squalius and Barbus spp., an ontogenetic flexible diet, switching from zooplankton to benthic algae, macroinvertebrates, and eventually fish, has been shown in several studies (Magalhãtes, 1992; Admasu and Dadebo, 1997; Desta et al., 2008; Ünver and Erk'akan, 2011; SanchezHernandez and Cobo, 2011) . In the Karamenderes River, in terms of the ingestion of fish as a diet by larger specimens, the ontogenetic feeding patterns of B. oligolepis found in this study were not similar to those reported for several other Barbus species in the aforementioned studies. Likewise, limited amounts of fish as a dietary item were found in the gut contents of S. cii specimens in the Karamenderes River. This might be explained by the absence of suitable prey species because of the low abundance of other fish species during the study in the Karamenderes River.
Some macrophytes are thought to be aquatic nuisances. Aquatic plant eradication in streams is not recommended (Barko and Smart, 1986) ; one of the suggested management plans for controlling submerged plant development in warm temperate lakes is the topdown effects of fish (Beklioglu et al., 2003) . A high rate of consumption of plant materials by the two most abundant native species, B. oligolepis and S. cii, may be important in controlling macrophyte populations, particularly in the summer when macrophytes cover nearly all the lowland areas of the Karamenderes River. Only a single specimen of S. cii was caught in the cold winter months in the study area. The study area was located in the lower part of a reservoir, which probably affects important ecological processes by changing the water flow, sediment, nutrient levels, energy, and biota (Ligon et al., 1995) . Thus, both species may migrate to other habitats, perhaps into a deeper section of the lowland river. Predation, competition, and symbiotic relationships among fish species allow the formation of fish communities in river ecosystems (Crowder, 1990) . The potential for competitive exclusion by any particular prey species may decrease due to different prey preferences of coexisting generalist species (Shurin and Allen, 2001) . Therefore, generalist feeding patterns may explain the coexistence of different species (Sánchez-Hernández et al., 2011) . The cohabitation of S. cii and B. oligolepis may be explained by their potential generalist feeding patterns in the Karamenderes River. The seasonal resource use of these species also indicates that S. cii had a greater advantage than B. oligolepis in terms of the diversity of food ingested and the number of food taxa consumed in each season. When comparing the overall feeding patterns of the two species, S. cii consumed more types of food items with lower diversity because of lower evenness value, which signifies the higher dominancy of food components. B. oligolepis exhibited lower feeding intensity, smaller TL, and larger relative gut length (i.e. the quality of food items consumed was lower) than those of S. cii, indicating that S. cii has a greater advantage than B. oligolepis and S. cii may exclude B. oligolepis during times of limited resource availability. The feeding characteristics of both species are shaped by abiotic and biotic conditions, including the disruption of anthropogenic activities over long periods of time, from an evolutionary perspective. However, the introduction of invasive C. gibelio, the most abundant fish in the study area, might affect the trophic position and feeding patterns of native species; the potential impacts should be further investigated in the future.
Rivers are important components of terrestrial ecosystems and are more affected by their environs than marine and ocean ecosystems. Therefore, the ecosystem of a river may be adversely affected by changes in adjacent ecosystems. The Karamenderes basin is heavily used for agricultural activities, and pesticides, fertilizers, irrigation, and dams may affect river biota, including the feeding ecology of S. cii and B. oligolepis, directly or indirectly. Therefore, the effects of pollution and other human impacts on the population dynamics and feeding relationships of river fish should be further studied in this river system. Repletion index 7.6 ± 2.2 5.5 ± 2.5 3.7 ± 2.2 3.3 ± 2.3 2.9 ± 1.6 3.0 ± 1.7 2.4 ± 0.1 3. 
